, Rab3A, Rap1A, 1990) , and the cycle can begin again. and ARF-1; (2) G proteins involved in ribosomal protein Rab3A and Rab3C are the most abundant Rab prosynthesis, for example, the elongation factor Tu; and teins in neurons and are predominantly localized to syn-(3) the ␣ subunits (G ␣ Numbering and secondary structural elements (green, ␣ helix; blue arrow, ␤ strand) are shown for rabphilin-3A. The conserved cysteine residues that are responsible for Zn 2ϩ binding are shaded in yellow. The SGAWFF structural element is shaded in blue. A residue marked in red indicates a contact between the particular residue and Rab3A in the crystal structure of the Rab3A/rabphilin-3A complex.
Rabphilin-3A consists of the N-terminal Rab3A ef-
Here, we present the crystal structure of activated Rab3A in complex with the effector domain of rabphilinfector domain, a proline-rich linker region, and two tandem C2 domains (Yamaguchi et al., 1993). The se-3A at 2.6 Å resolution. The structure was solved using multiwavelength anomalous dispersion (MAD) phasing quences of the C2 domains are similar to those of synaptotagmin and protein kinase C (Yamaguchi et al., (Hendrickson, 1991) with selenomethionine (SeMet) labeled complex. The Rab3A/rabphilin-3A interface in-1993), and they probably have the same tertiary structure (Sutton et al., 1995 (Figure 1) . structural studies, a somewhat larger fragment, residues 
, where P(⌽) is the experimental phase probability distribution. F N corresponds to the structure factors at the reference wavelength 1 , F D corresponds to the structure factors at wavelength i (indicated by a superscript "ϩ") or its Friedel mate (indicated by a superscript "Ϫ"), and F h is the difference in heavy atom structure factors between the two wavelengths. e R ϭ ⌺(|F obs | Ϫk|F calc |)/⌺|F obs |. f Free R value is the R value obtained for a test set of reflections, consisting of a randomly selected 10% subset of the diffraction data, not used during refinement. 40-170, was chosen to maximize the inclusion of strucinvolved in Zn 2ϩ binding and did not affect complex formation (data not shown). tural elements based on secondary structure prediction (Garnier, et al., 1996) . After recombinant expression, atThe C-terminal residues of a specific Rab protein localize it to a specific membrane in the cell (Chavrier et tempts to purify these fragments failed due to aggregation and proteolysis. Dual-plasmid coexpression yielded al., 1991). This targeting specificity may be correlated with sequence variability in the C-terminal region, resistable complex of rabphilin-3A and the catalytically inactive Q81L mutant of Rab3A. This complex was not prone dues 195-220 of Rab3A (Figure 2 ). In the neuron, the C-terminal residues Cys-218 and Cys-220 of Rab3A to aggregation or degradation of rabphilin-3A. Figures 1 and 2) . The sequence variability of the RabCDR in the Rab family (Figure 2) thus could be correlated with binding specificity for Rab/effector pairing. Binding specificity may be due to the complementary shape of the rabphilin-3A and Rab3A surfaces (Figures 6a and 6b) . 
RabCDRs may represent a general principle of G protein-effector interactions. For example, the ␣3-␤5 loop of the yeast Rab protein Ypt1p is probably involved in

Model for a Rab Switch
Since no structure of the GDP-bound form of Rab3A is available, one can only speculate about induced structural changes upon GTP hydrolysis. Assuming that similar structural changes upon GTP hydrolysis occur in both p21 H-ras (Milburn et al., 1990) and Rab3A, GTP hydrolysis would be accompanied by extensive structural changes in the switch regions of Rab3A. Thr-54 would link GTP hydrolysis to structural changes in the switch regions through its interaction with the ␥-phosphate of the bound nucleotide (Figure 6c) . GTP hydrolysis would result in an outward movement of switch I, a coil-helix transition at the N terminus of switch II, and subsequent The electrostatic potential surface of the Rab3A/rabphilin-3A complex has a highly asymmetric distribution longer. Rim is predicted to contain an ␣ helix that may 
